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摘 要 通过控制不同反应时间和邻苯二甲酸酐 壳聚糖的摩尔比制备不同取代度的邻苯二甲酰化壳聚糖
( PHCS) . 用 FTIR研究了反应机理和产物结构,观察到 PHCS 含两类取代即酰胺酸取代和酰亚胺取代. 反应时
间较短时主要为前者,取代度表示为 DS1 ; 反应时间较长时主要为后者,取代度表示为 DS2 .对 PHCS 在二氯乙
酸( DCA)中的液晶行为观察,结果表明, PHCS 的临界浓度随 DS1 的增加而显著增加. DS 1 对 PHCS 临界浓度的
影响明显大于 DS2 的影响.基本上为酰胺酸取代的 PHCS 的临界浓度高于溶解度, 以至于观察不到.

















的临界浓度为 21 wt% ~ 27wt%. 并观察到在剪切











元素分析仪为意大利 CE 110 CHNS-O;核磁共
振仪为美国Varian Unity 500Hz(溶剂为 DMSO- d6 ) ;
富立叶红外光谱仪为美国Nicolet Avator 360( KBr压
片法) ;偏光显微镜为日本 OLYMPUS BHT.
1 2 邻苯二甲酰化壳聚糖( PHCS)的合成
参考文献[ 1, 6]方法, 将 1 g 壳聚糖粉末和邻
苯二甲酸酐以摩尔比 0 5~ 3(邻苯二甲酸酐 壳聚
糖)混合于 30mL DMF 中,在氮气保护下于 125
加热回流 0 5~ 6 5 h不等. 产物用冰-水沉淀后经




取主要为酰胺酸取代为主的 PHCS1 0 1 g 分
散于 10mL 水中,边搅拌边滴加 1% NaOH 溶液使




分比浓度的 PHCS 95% 二氯乙酸溶液, 搅拌后密
闭,于 42 加热 24 h,然后静置 14天后使用.在溶




































































2 1 1 取代度的测定结果 PHCS 的
1
H-NMR
谱图中 = 7 5~ 8 1有一系列明显孤立的苯环质
子峰 (如图 2 所示) , 因而可以用于总取代度





A 7. 5~ 8. 1
A 2. 5





取代度 DS1 和酰亚胺的取代度 DS 2 由元素分析
定出,结果列于表 1和表 2.
Table 1 The reaction condition, degree of subst itution and solubil ity of
phthaloyl chitosan samples
Sample PHCS1PHCS2PHCS3PHCS4 PHCS5 PHCS6
Molar ratio ( PH CS) 0. 5 1 3 3 3 3
React ion time ( h) 0. 5 0. 5 0. 5 1. 5 4 6. 5
DS Total (NMR) 0. 45 0. 46 0. 96 0. 62 0. 69 0. 78
DS Total (Element analysis) 0. 51 0. 43 1. 00 0. 70 0. 80 0. 84
DS 1( Element analysis) 0. 45 0. 32 0. 70 0. 20 0. 11 0. 06
DS 2( Element analysis) 0. 08 0. 11 0. 30 0. 50 0. 69 0. 78
Solubility ( in DCA) E E E I D D
PH: Phthaloyl anhydride; CS: Chitosan; DCA: Dichloroacetic acid; DS 1 :
DS for the amic acid-chitosan; DS 2: DS for the imide-chitosan; E: Easy;
I: Intermediate; D: Difficult
Table 2 The element analysis results of PHCS samples
Sample
Found ( Calculated) a ( % )
C H N
PHCS1 48. 30( 48. 04) 6. 12( 5. 85) 4. 94( 5. 39)
PHCS2 47. 44( 47. 34) 6. 59( 5. 99) 5. 91( 5. 66)
PHCS3 51. 83( 52. 33) 4. 86( 5. 09) 3. 86( 4. 26)
PHCS4 53. 11( 52. 72) 5. 10( 5. 20) 5. 28( 5. 16)
PHCS5 53. 99( 53. 99) 4. 90( 5. 00) 4. 77( 4. 95)
PHCS6 54. 77( 54. 52) 4. 73( 4. 92) 4. 69( 4. 88)
a Calculated for the formula based on 1H2O ( for PHCS1TO PHCS3) and
0. 5 H2O (for PNCS4 to PHCS6) per glucosamine residue
从表 1可见, 摩尔比影响了 DS1 / DS2 值, 也
在一定范围内影响总取代度. 当酸酐明显过量时,
短时间反应得到酰胺酸壳聚糖, 酰亚胺壳聚糖较
少.超过4 h后, 酰亚胺化基本完全.从表 1还可以
观察到,总取代度随反应时间的变化先升后降,因




2 1 2 富立叶红外光谱的分析结果 FTIR的
测定结果(图 3)进一步补充证实了以上反应机理














Fig. 3 FTIR spectra of chitosan( a) , PHCS1( b) , sodium salt of
amic acid chitosan prepared from PHCS1( c) and PHCS6( d)
对PHCS6(图 3d) , 基本上是酰亚胺取代, 因而出





酸(表 1) . 其次, 主要为酰胺酸取代的 PHCS1-




附近的 C H 呈得






后得钠盐, 发现 1712 cm
- 1
峰消失, 而酰胺基的酰
胺 谱带 1654 cm
- 1














2 2 1 PHCS的溶致液晶性 大多 PHCS样品
在二氯乙酸( DCA)中呈现典型的液晶织构(图4) .
但酰胺酸含量很高的壳聚糖却观察不到其液晶织











Fig. 4 Polarized optical micrograph of 20 wt%
PHCS6 DCA solut ion, show ing a typical liquid
crystalline texture





Table 3 The crit ical concentrat ion ( c * , in W W ) of PHCS DCA
solution
Sample PHCS1 PHCS2 PHCS3 PHCS4 PHCS5 PHCS6 CS
c * - a - a 0. 18 0. 15 0. 13 0. 12 0. 08
DS 1 0. 43 0. 32 0. 70 0. 20 0. 11 0. 06 0
DS 2 0. 08 0. 11 0. 30 0. 50 0. 69 0. 78 0
a Too high ( over the solubility of polymer) to be determined
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Fig. 5 Schemat ic representation of structure for amic acid-chitosan molecules in solut ion, showing that the
occurrence of random interchain d-i association of macromolecular carboxyl ic acid avoids liquid crystal ordering
PHCS的临界浓度与总取代度之间找不到明












是酰胺酸取代的 PHCS1 和 PHCS2与基本上是酰








规律从本实验尚难得出) , 这一点从比较 PHCS5









随 DS 1的增加而显著增加(见图 6) .
Fig. 6 The plot of DS 1 versus c
* for PHCS DCA solutions
例外的是, 对于基本上为酰胺酸取代的壳聚
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STUDIES ON CHITIN-BASED LIQUID CRYSTALLINE POLYMERS
. INFLUENCE OF THE DEGREE OF SUBSTITUTION OF AMIC ACID ON
THE LIQUID CRYSTALLINE BEHAVIOR OF PHTHALOYL CHITOSAN
DONG Yanming, WANGMian, WU Yusong, RUAN Yonghong
( Department of Materials Science and Engineering , StateKey Laboratory for Physical Chemical Surface of Solids, Xiamen 361005)
Abstract Various substituted chitosan ( PHCS) were prepared at 125 from chitosan and phthaloyl anhydride by
controlling both the react ion time and molar rat io. The synthesis reaction mechanism and chemical structure of
products were characterized by FTIR.Different compositions of amic acid-chitosan and imide-chitosan were found in
these products, the former was converted into the latter at 125 after reacting relat ively long time.The existence of
amic acid-chitosan was proved by the good solubility and broad C H stretch bands, as well as characteristic double
bands of their salt ( 1455 and 1558 cm
- 1
) . The existence of imide-chitosan was proved by characteristic double
bands at 1712 and 1775 cm
- 1
. The total degree of substitution ( DSTotal) was determined with
1
H-NMR.The degree
of substitution for both amic acid ( DS1 ) and imide ( DS2 ) was measured by element analysis. The polarized opt ical
microscopy was employed to study the texture and the critical concentration ( c
*
) of liquid crystal phase in
dichoroacetic acid.The c
*
( in polymer weight fract ion) at which liquid crystalline ordering was found to be present
was 0 12~ 0 18 for some PHCS, and too high ( over the solubility of polymer) to be detected for PHCS with high
relative degree of amic acid substitution. The c
*
was found to be affected mainly by the degree of substitution of
amic acid.The c
*
increased directly with the increase of DS1 . The influence of DS 1 was significantly larger than
that of DS 2 on the critical liquid crystalline behavior of PHCS.
Key words Chitosan, Phthaloyl chitosan, Synthesis, Lyotropic liquid crystal, Crit ical concentration
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